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Definitions *
Endorphins = A class of hormones known to serve as
neurotransmitters, and to function as natural analgesics.
Nociceptors = Naked nerve endings in the skin, known to be
associated with the ability to sense pain. These nerve endings
respond to mechanical, thermal, or chemical stimuli.
Pain = The sensation or feeling resulting from or accompanying some
injury, derangement, overstrain, or obstruction of the physical
condition. Pain may cause stress and suffering. Sensations of
external and internal pain result from impulses reaching the cerebral
cortex via specific nociceptors neural pathways.
Receptor = This is usually a modified neuron, which occurs singly or
in groups, along with other cell types within sensory organs, such as
the eyes and ears. It is a structure that transmits information in the
external and internal environment of an animal.
Reception = The ability of a cell in an animal body to absorb the
energy of a stimulus.
Stimulus = An agent that produces a temporary change in
physiological activity in an organism or any of its parts.

in that foot. In the first example, the person experienced or sensed
pain, and that stimulus caused him to lift that foot.
When working with animals, therefore, one has to infer their
behaviors and possibly interpret them based on anatomical and
physiological evidence. Sensations, and the perceptions they evoke,
begin with excitation of sensory receptors. They are specialized to
respond to various stimuli, including heat, light, pressure, and
chemicals. These stimuli represent forms of energy. Functions of
receptor cells include converting the energy of stimuli into the
electrochemical energy of action potentials and carrying those action
potentials into the nervous system. The five functions common to all
receptor cells are: reception, transduction, amplification, transmission,
and integration (modified after Campbell, 1993, p. 1016). In this
study, we focus on reception of pain.
According to Andrews et al. (1993), there are two broad
categories of pain: Sensory-discriminative and Motivationalaffective. Sensory-discriminative pain indicates the site of origin of
the stimulus giving rise to the pain. In the motivational-affective pain,
the strength of the stimulus is perceived and the animal’s response to
the pain is determined. Sensory-discriminative pain is most likely to
be mediated by subcortical and somatosensory cortical mechanisms
that provide the individual with information on intensity, duration,
location, and quality of the stimulus. On the other hand, motivationalaffective processing involves the forebrain and limbic system for
perceptions such as discomfort, fear, anxiety, and depression, and it
also includes strong inputs to the hypothalamus and the autonomic
nervous system for reflex activation of the cardiovascular, pulmonary,
and pituitary-adrenal system. Based on Kitchell et al.’s (1983) report
on neurosurgical observation conducted on humans, it is possible to
differentiate between the sensory-discriminative and motivationalaffective components of pain.
This investigation was launched in response to David Smithers, a
detective at the Hampshire Constabulary (Andover, Hampshire,
England) who has been pursuing factual details in preparation for a
court case on an elephant named “Flora”. Results of this investigation
may reach beyond the courtroom (Anonymous, 1999).
Hypothesis

Our hypothesis is: both African and Asian elephants (Loxodonta
africana and Elephas maximus) are capable of experiencing the same
dimensions of pain as do humans (i.e., sensory-discriminative and
affective-motivational).
Materials and Methods

* Compiled from different sources including Campbell (1993),
Andrews et al. (1993).
Introduction

Among the physiological changes that animals experience are
those for which one can clearly observe associated behavioral
changes. In the case of humans, where the subject can communicate
with the examiner, it is easy to understand which physiological
changes are associated with a particular behavior. Examples: a person
may lift a foot from the ground and when asked to explain this
behavior, explains that there is a thorn in that foot. On the other hand,
if an animal raises a foot from the ground, it may not be possible to
determine the reason. It may be that the animal was tired of standing
on that foot and shifted its weight to the other, or there may be a thorn

We studied preserved tissues of extant elephants — L. africana
and E. maximus — including skin from different areas of the body and
brains (complete and sectioned) and consulted the available literature.
Our investigation included gross anatomy as well as microscopic
examinations of histological slides.
Results and Discussion

Skin —Rasmussen and Munger (1996) described histology of the
skin on the trunk tip. They depicted and described Pacinian
corpuscles, Merkel terminals, and free nerve endings. Based on
human anatomy, Pacinian corpuscles and Merkel discs respond to
pressure and touch, whereas, free or naked nerve endings are
associated with pain (e.g., Campbell, 1993; Kitchell et al., 1983;
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Kitchell and Johnson, 1983; Willis, 1985; Zimmerman, 1984).
Brain — Two of us (WJK and JS) identified the nucleus
accumbens (nAcc) in the brain of an Asian elephant, as was previously
reported by Koikegami et al. (1967) and Koikegami and Ozaki (1967).
We also identified other structures important in the pain system, such as
the periaqueductal gray matter (PAG), hippocampus, amygdala, septum,
hypothalamus, medial thalamus, and orbitofrontal/medial frontal
cortical areas. Among these structures, the nAcc is thought to occupy a
pivotal position in the interface between the sensory-discriminative and
motivational-affective components of the pain system. The nAcc is
believed to be associated with affective experiences, including pleasure
sensation, and by implication, also with experiencing pain in humans.
Koikegami and Ozaki (1967, p. 131) noted that the nAcc in elephants
has functions associated with olfacto-visceral or olfacto-sexual
correlation centers. Our interpretation of this statement, as well as data
from the work of Rasmussen and her colleagues (Rasmussen and
Hultgren, 1990; Rasmussen et al., 1982, 1996), indicate that one of the
functions of the nAcc is related to chemical cues and subsequent
behavioral repertoire is possibly associated with mating.
The nAcc has complex connections in humans and other mammals
which include a limbic-motor interface, channeling information to the
thalamus and frontal lobe of the cerebrum. This connection is thought
to be involved in goal-directed or exploratory behavior. A second
pathway involves channeling information from the amygdala,
hippocampus, entorhinal cortex (smell), and cingulate gyrus, all limbic
structures, to the septum, hypothalamus, and frontal lobes, areas
associated with various visceral and autonomic as well as affective
behaviors (cf. Fig. IF). This pathway is the one postulated as having a
role in reward behavior (“pleasure”), and has also been implicated as a
putative pathway in pain perceptive and response.
Text in this and the following three paragraphs is based primarily
on the work summarized by Nieuwenhuys (1988) on humans, but it also
includes observations on primates, cats and rodents, and, by inference,
also on elephants. The nAcc is thought to play a role in the initiation of
movements in response to emotionally or motivationally powerful
stimuli (Nieuwenhuys, 1988, p. 322). The nAcc is part of the ventral or
“limbic” striatum and appears to serve a function for the limbic system
analogous to the function subserved by the dorsal striatum (basal
ganglia system) for other cortical areas. It receives afferents from
limbic structures including the limbic areas of the frontal lobe (medial
frontal), temporal lobe (perirhinal, entorhinal), and insula (posterior
insula) as well from the hippocampal formation (subiculum), the
amygdaloid nuclear complex (basolateral nuclear group), and various
subcortical nuclei (bed nucleus of stria terminalis, midline thalamic
nuclei). The nAcc also receives afferents from brainstem centers
including nuclei of the midbrain reticular formation (nucleus centralis
superior, nucleus dorsalis raphes) and the PAG.
The PAG is thought to play an important role in a variety of
functions and behavioral patterns including nociception (pain
perception), defense reactions, vocal expression of emotion, and
reflexes related to sexual function (Nieuwenhuys, 1988, p. 322). The
PAG receives afferents from many different brain structures, including
the spinal cord. It projects, in turn, via ascending pathways to
diencephalic and telencephalic structures and via descending pathways
to various brainstem and spinal cord structures (cf. Fig. IF). Its
ascending projections include projections to the frontal cortex, nAcc,
septum, and olfactory areas along with various hypothalamic nuclei. Its
brainstem projections include projections to the ventral tegmental area
in the midbrain tegmentum, the nucleus raphes magnus in the pons, and
the nucleus ambiguus in the medulla. The nucleus raphes magnus is
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thought to be a relay between the PAG and spinal cord neurons in a
descending pain-control system which serves to inhibit noxiously
evoked activity in spinal cord neurons in the dorsal horn. The nucleus
ambiguus innervates striated muscle fibers in the pharynx and larynx,
and the PAG-nucleus ambiguus connection appears to convey the
impulses which elicit vocal expression of emotion. Difference
concerning pathways of pain among man, cat, and pig include
transmission of painful stimuli in the spinal cord of the cat is more
diffuse than in man (Kennard, 1954). According to Breazile and
Kitchell (1968) in the pig the ascending pain fibers system which
convey impulses from stimuli are composed of two systems: one
unilateral and the other bilateral with reference to the spinal cord.
The efferent connections of the nAcc include a circuit analogous to
the principal basal ganglia circuit: frontal cortex —> nAcc —> ventral
pallidum —> medial thalamus —> frontal cortex (cf. Fig. IF). A circuit
analogous to the striatonigral reciprocal pathway connects the nAcc
with the substantia nigra and ventral tegmental nucleus. Additional
efferent pathways connect the nAcc to the septal nuclei, hypothalamus,
and midbrain tegmentum including the pedunculopontinus nucleus.
The role of the nAcc in pain thus appears to be that of an effector,
receiving information related to nociception from the PAG, integrating
it with affective information from limbic areas such as the frontal
cortex, amygdala, and hippocampus and translating it into motor
responses through the pallidothalamocortical and descending brainstem
tegmental pathways. Although much of the specific connectional
anatomy among these structures remains to be established in the
elephant brain, the presence of these connections in other mammalian
brains suggests that the general pattern should be present in the brain of
an elephant.
There is ample evidence that animals do experience pain (Andrews
et al.; 1993; Bateson, 1991; Borszcz, 1995; Franklin and Abbott, 1989;
Hammond, 1989; Kitchell et al., 1983; Kitchell and Johnson, 1983;
Vierck et al., 1989; Willis, 1985; Zimmerman, 1984). Animals tested
include rodents, primates, and carnivores, and observations were
reported on neurosurgical, behavioral responses (including Pavlovian
responses), and assessments of analgesic drugs on nociceptive
responses.
Hormones — Specific kinds of hormones, classiffied as
endorphins (e.g., met-enkephalin and beta-endorphin), have been
known to serve as neurotransmitters and function as natural analgesics.
The presence of endorphins in the dorsal hom of the spinal cord,
substantia gelatinosa of the trigeminal nerve, PAG, medial and
interlamina thalamic nuclei is probably related to analgesia. Their
presence in other brainstem nuclei is probably related to other functions,
such as cough, vomiting, and hormonal regulation (Simon and Hiller,
1994). Thus, one of the functions of these hormones is to act as
“painkillers” by decreasing the perception of pain by the central nervous
system (Campbell, 1993, pp. 920, 998-9; see also discussion in Franklin
and Abbott, 1989). Elephants have been reported to have about eight
times the amount of beta-endorphin, the antinociceptive potency, of
humans (Cheng and Yamashiro, 1991). The fact that elephants produce
these hormones could be interpreted as evidence that they do feel pain,
for otherwise, why would they need “painkiller”? How and when
elephants secrete this hormone is not known, but it is entirely possible
that this hormone is released in response to severe environmental
stimuli associated with pain. From an evolutionary perspective, this
kind of hormone would be extremely important for the adaptation of a
species, for it would provide a higher tolerance and thus a better chance
for survival.
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Figure 1. A composite figure depicting structures of the nervous system of humans and elephants, with emphasis on the limbic system.
A — dorsal view of human brain (after Gray, 1901); B — dorsal views of cerebri, left side: of African elephant hemi-brain, and, right side: Asian
elephant hemi-brain (after Krueg, 1880, taf. xxxviii); C — mid-sagittal view of human brain (drawn by Gary H. Marchant); D — mid-sagittal
view of Asian elephant brain (drawn by Brian Cressmann, from specimen of “Tulsa”, a 34 year old female); E — top illustration: limbic system;
bottom illustration: flow of information through the limbic system (after Kardong, 1995, p. 659; reproduced with permission of the McGraw-Hill
companies); F — a diagram showing areas in the limbic system that are associated with pain in humans (drawn by William J. Kupsky). Note
that in a broad sense, structures of human brains are similar in gross anatomy to those of elephants, as observed by researchers cited in this paper,
and by W. J. Kupsky and J. Shoshani (the temporal lobes in elephants, especially those of the Asian, are much larger than in humans, cf. Figs. A
and B). The nucleus accumbens is not seen in illustrations C-E but its approximate location is near the septum shown in Figs. D and E.
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Questions/Problems encountered

addresses that may be useful are given below under “Web sites”.

QUESTION: Is it correct to assume from a behavior of animals,
elephants in particular, that, if they do not respond to a specific
environmental stimulus (e.g., having been poked or hit by a sharp
object), they do not have the receptors to feel that stimulus?
ANSWER: The short reply is no, it is not correct to assume from a
behavior of elephants that, if they do not respond to a specific
environmental stimulus, they do not have the receptors to feel that
stimulus. A long reply follows. Skin in certain parts of the body
may be richer in some types of receptors than skin in other parts.
The reaction of the animal will depend on many variables, such as
the general health of the animal (including age and sex), thickness
of the skin where the impact was made, and the strength and
duration with which an elephant was hit. Thickness of the skin in
adult elephants varies from 1.8 millimeters (less than 1/8 of an inch)
on the medial side of the ear to 32 millimeters (about 1.3 inches) on
the dorsum [these measurements include dermis and epidermis; see
Shoshani et al., 1982, p. 60, and Shoshani 1992, p. 66]. There are
different kinds of receptors associated with different stimuli, and
each one is distributed at various depths and positions in the skin.
Receptors are grouped according to their functions:
mechanoreceptors, chemoreceptors, electromagnetic receptors,
thermoreceptors, and pain receptors. Some pertinent examples
include: Pacinian corpuscles — found deep in the skin which
respond to strong pressure; Meissner’s corpuscles and Merkel’s
discs — found close to the surface of the skin which can detect light
touch; Ruffini’s end organs — found close to the surface which are
sensitive to heat; end bulb of Krause — found close to the surface
which is sensitive to cold; nociceptors — found very close to the
surface which are sensitive to pain. As noted above, Rasmussen and
Munger (1996) depicted and described Pacinian corpuscles, Merkel
terminals (discs), and free nerve endings (nociceptors) in the skin of
elephants, especially in the tip of the trunk.

It is often stated that animals experience pain. For example,
Campbell (1993, p. 1019) wrote: “Virtually all animals experience
pain, although we cannot say what perceptions they actually associate
with stimulation of their pain receptors”. Haas (1978, p. 298) reported
that an elephant, which used to be easy to handle, suddenly showed
signs of dangerous and abnormal behavior. Postmortem examination
showed bony structures that pressed on nerves, damaged them, and
“caused pain”, which was inferred to be the reason for the change in
behavior. Based on the evidence we provide from histology (presence
of free nerve endings and their interpreted functions as pain receptors),
from neurology (presence of nucleus accumbens and other structures
thought to be associated with response to pain), and from
endocrinology (presence of hormones known as endorphins that
function as natural analgesics or “painkillers”), in our professional
opinion, elephants are able to experience pain at a level and extent
similar to that which humans experience.

QUESTION: Is it correct to assume from a structure of a tissue present
in humans and elephants that this structure has the same function in
humans and elephants?
ANSWER: If the structure is fairly common among the animals being
investigated, and if its function is unequivocally agreed upon by all
investigators, and if such a structure has been shown to be
associated with a particular behavior (e.g., withdrawal of a hand or
a leg when having been poked by a sharp object), then it is probably
correct to assume that such a structure of a tissue present in humans
and elephants has a similar or analogous function in human and
elephants.
Conclusions

Mice, rats, monkeys, humans, and elephants are all mammals.
The available experimental evidence indicates that these mammals
have nociceptors in their skins. They have been observed to respond
to stimuli associated with the sensation of pain as it is known in human
subjects. Nociceptors have also been found in elephants along with
the central nervous system structures thought to be implicated in the
processing and interpretation of pain information. We thus infer that
elephants are capable of experiencing pain as are humans.
In addition to citations given above, we note that one of the
most convincing arguments is the heavy use of analgesics and pain
management in veterinary, and of course, in human medicine
(Baumans et al., 1994; Flecknell, 1997/1998) and the reliance of
animal models in pain research (Stevens, 1997/1998). Web site
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Bolivar: “killer” elephant or abused pachyderm?

by Harold E. Lippman
306 Warwick Avenue, South Orange, New Jersey 07079, USA
Abstract “Bolivar” was a male Asian elephant (Elephas maximus)
which was presented to the Philadelphia Zoo in 1888 by Adam
Forepaugh and lived there until 1908. Bolivar was known as a “killer”
because he killed at least two men, one of whom offered the elephant a
lighted end of a cigar and his trunk was badly burned. The man tried to
repeat the “cute joke” and Bolivar grabbed him and crushed his skull.
The elephant was kept in confinement, apparently in conditions which
might best be described as “inhumane”. He died, according to
postmortem pathological report, from arthritis, cardiac, hepatic and
splenic lesions. In this paper I hypothesize that the pathological
findings were only symptoms of a much deeper problem — an apparent
behavior of excessive grinding of his teeth, and in doing so, he
destroyed the joints between the mandible and the cranium. It is
proposed that the isolation, continuous chaining with iack of usual
physical activity led to this behavior.

Historical Background
“Back in the days when great tuskers were supposed to be the most
satisfactory acquisitions for a menagerie, some of them behaved so
badly that their names are remembered with shudders. There were
Hannibal, Tippoo-Sahib, Columbus, Bolivar, Mogul, Pizzaro,
Romeo, Virginius — all bad bulls. Hannibal and Tippoo-Sahib
were the earliest, and Hannibal was among the worst” (Murray,
1956, p. 260).

It was a dramatic moment on December 25, 1888 when Adam
Forepaugh (who worked for James E. Cooper; Murray, 1956, p. 237)
marched the famous “killer” elephant Bolivar to the Zoo in Philadelphia
to present him as a Christmas gift from his Forepaugh’s Circus. The
elephant was believed to have been about 27 years old, and it was
reported that he had killed two men prior to his arrival in Philadelphia
(Benedict, 1936). It is not clear whether the title “killer” (Anonymous,
1908a) was bestowed onto him before or after he arrived at Philadelphia
Zoo. Nineteen years and seven months later on July 31, 1908, probably
late in his fifth decade, Bolivar died. The diseases leading to his death
were disclosed in the following necropsy report (cf. Wood, 1988) which
was preceded by the following note; “Has been rheumatic and losing
flesh, but there were no special symptoms before 6 a.m. this morning,
when he was found down and unable to get up.” Pathological
Diagnosis: Chronic Polyarthritis, Chronic [Interstitial] + myocarditis,
Parenchymatous nephritis, [Chronic Hepatitis (Cirrhosis)], Chronic
tuberculosis of lungs partly encapsulated, Pigmentation of the spleen
{note: listing in [ ] were not included in Fox’s report cited in Benedict
1936, p. 109}.
Methods

Some eighty years later, being privileged to examine the cranium
and mandible of Bolivar at the Academy of Natural Science in
Philadelphia, I noted some pathology that the postmortem examiner
(Herbert Fox, cited in Benedict 1936, pp. 108-112) had only mentioned
in passing: “...the condyles of the mandibles are uneven” (p. 112). The
purpose of this report, therefore is to provide detailed analysis of

